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abstruse and general discussion would fail to instil into him. 
We can strongly recommend the book to all students of chemical 
theory. 

The firsL five chapters deal with general theoretical consider- 
ations, in which the notion of chemical potential plays an important 
part. The remainder of the book is devoted to applications and 
illustrations of the theory. In  Chapters VI. to XI.  the author 
studies changes of physical state and analogous phenomena, various 
cases of dissociation, solution, systems having only a single phase 
of variable composition, and mixtures which arrange themselves 
in layers. The Last six chapters (XIL to XVII . )  are devoted to 
the theory of gases, dilute solutions, and osmosis. 

Percentage Tables for Elementary Analysis. By L~o ]?. GUTTMA~Z~, 
Ph.D., A.C.G.L, A.I.G. London: Whittaker & Co. 1904. 
:Pp. vii + 43, 

TH~s~ tables will be found extremely useful in calculating the 
percentage of carbon and hydrogen in a substance which on com- 
bustion yields carbon dioxide and water. We would suggest the 
omission of the " s o "  before "mul t ip ly"  and " divide" on p. vii, 
this form of expression being a German idiom but not an :English 
one. 

Memoire sur la Reproduction Artigqcielle du l~ubls par Fusion. Par 
A. V~R~UIL. Paris : Gauthier-u 1904. Pp. 30. 

T~is pamphlet, which is reprinted from the Annales de Chimie et 
de Physique, contains an interesting account of the author's experi- 
ments on the artificial production of rubies. The problem, it seems, 
is an extremely difficult one, and although very small rubies were 
obtained whose physical and chemical characteristics were indis- 
tinguishable from those of the natural product, yet all attempts to 
produce larger sizes failed. 

X X X V I I  I. Proceedings of  Learned Societies. 
GEOLOGICAL SOCIETY. 

[Continued from p. 288.] 

December 21st, 1904.--J. E. ~[arr, Sc.D., F.R.S., President, 
in the Chair. 

T HE following communications were read : ~  

1. ' On Certain Genera and Species of Lytoceratidm.' ]~y 
S. S. Buckman, F.G.S. 

2. 'The  Leicester :Earthquakes of August 4th, 1893, and 
Jmm 21st, 19047 By Charles Davison, Sc.D., F.G.S. 

The earthquake of 1893 was a twin, ~vith its principal epicentre 
between Markfield and Woodhouse :Eaves, and the other near 
Tugby, about 17 miles to E. 34 ~ S. Its disturbed area contains 
about 2200 square miles. In the north-western focus, the originating 
fault hades to the north-east, and is probably one of the group of 
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On Twin Earttuluakes. 389 

faults on the north-east side of the Charnwood anticlinal axis, 
which appear to hade in the direction given. In  the south-eastern 
locus, the fault hades in the opposite direction, the change of bade 
taking place a short distance to the south-east of Leicester. 

On June 21st, 1904, two shocks were felt :  the first, a very 
slight one, at about 3.30 A.•. ; the second at 5.28 A.~. The epi* 
centre of the earlier shock was in the ncighbourhood of Markfield 
and Groby, or near the south-eastern margin of the north-western 
focus of 1893. The second shock disturbed an area of about 
1200 square miles, and was a double shock, not a twin, for the foci 
were overlapping. I t  originated in a fault running nearly north- 
west and south-east, hading to the south-west, and passing a short 
distance from Tugby, and therefore in all probability coincident 
with the fault in action in 1893. The distance between the epi- 
centrcs of the earthquakes of 1904 was about 12 miles. Thus, 
the foci of 1904 appear to have occupied the nearcr margins of the 
loci of 1893. 

3. 'The  Derby Earthquakes of July 3rd, 1904.' By Charles 
Davison, Sc.D., F.G.S. 

Although weaker than the earthquake of March 24th, 1903, this 
shock, owing to its occurrence at 3.21 on a Sunday afternoon, was 
felt over a much wider area (about 25,000 square miles). As in 
1903, the earthquake was a twin, the epicentres being almost 
exactly coincident with those of that year, one being situated near 
Ashbcurnc, and the other, about 6 or 7 miles from it, near Wirks- 
worth and Matlock Bath. The impulse at the south-western or 
Ashbourne focus was slightly stronger than the other, and took 
place a second or two late~. The principal slip was preceded by a 
slighter one in the north-eastern focus at 2.28 P.M., and was followed, 
as in 1903, though after a shorter interval, by a slip in the inter- 
focal region of the fault, at 11.8 i,.~. 

4. ' Twin-Earthquakes.' By Charles Davison, Sc.D., F.G.S. 
In  a twin-earthquake, the shock consists of two maxima of 

intensity, or of two distinct parts separated by a brief interval 
of rest and quiet. In  Great Britain, one in every twenty earth- 
quakes is a twin, and our strongest shocks (the Colchester earth- 
quake of 1884, the Hereford earthquake of 1896, etc.) belong to 
the same class. 

The two parts of a twin-earthquake differ in their order of 
intensity, both in different earthquakes and in different parts of the 
disturbed area of the same earthquake. The interval between 
the two parts varies on an average from 2 to 3~ seconds; and, 
although the twin-shock is felt over a very wide area (sometimes 
over nearly the whole of the disturbed area), there may exist 
within it a band (the synkinetic band) in which the two parts 
coalesce and form a single shock. 

These phenomena show that twin-earthquakes cannot be caused 
by reflection or refraction of the earth-waves, nor by the separation 
of the waves of direct and transverse vibrations, nor by the repetition 
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390 Geotogical Society : -  

of' the impulse within the same or an overlapping focus. They must 
therefore be due to impulses in two detached, or practically detached, 
foci; and it is shown that all the known phenomena of twin- 
earthquakes can be thus accounted for. 

I n  British twin-earthquakes, the distance between the epicentres 
varies from 4 to 23 miles, the average for seven recent earthquakes 
being between 10 and 11 miles. As a rule, the loci are elongatcd 
approximately in the direction of the line joining them, showing 
that they are portions of the same fault. The loci appear to be 
situated at different depths, and, in two cases, the fault probably 
changes hade in the region between them. 

The existence of the synkinetie band and the brevity of the 
interval between the two parts of the shock, show that, when the 
impulses are not absolutely simultaneous, the second takes l~lace as 
a rule before the vibrations from the first focus have time to reach 
the other. Thus, twin-earthquakes are due to a single generative 
effort ; and they are caused, it is urged, by the growth of a crust- 
fold cut transversely by a fault. I f  the movement is such that the 
anticline of the fold is made more anticlinal and the syncline more 
synelinal, the middle limb will remain practically undisturbed ; so 
that, by a single effort, there will be two impulses in detached loci 
situated at different depths. The average distance between suc- 
cessive anticlines and synclines in France along several lines lies 
between 9 and 12 miles, which agrees closely ~4th the average 
distance between the cpieentres of twin-earthquakes. 

January 4th, 1905 .~J .  E. Marr, Sc.D., F.R.S., President, 
in the Chair. 

The following communications were read : ~  
1. ' The ~Iarine Beds in the Coal-Measures of :North Stafford- 

shire,' By John T. Stobbs, Esq., F.G.S. 
2. 'The  Geology of Cyprus,' By Charles Vincent Bellamy, 

M.Inst.C.E., F.G.S. With Contributions by Alfred John Jukes- 
Browne, B,A., F.G.S. 

The following are the chief formations described : - -  
f Sandy limestones. ) 

PLEISTOC~g. [ Sands and conglomerates. [ Up to 50 feet. 
Shelly limestones, with calcareous 

PL1oc~r. [ sands and sandstones. ~ 100 to 1,50 free. 
Break.  Intrusion of igneous rocks. 

f 
'~u chalky limestones and marly 

chalks, with layers and nodules of~ About 1000 feet. 

(OLxGoe~). ~iab. marls, with beds Grey and yellowish 400 feet. of gypsum. ] 
KvTnn~A~ f Grey felspathic sandstones and ~ ? 15O0~feet. 

(UPPEREoc~E). [ sandy shales. J 
Break. 

f Grey limestones and dolomites ; ] 
TRYeA~XAS ~ white and pink marbles, both ~ Possibly 6000feet, 

(~ CIEvAczovs). ( massive and laminated. J 
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The Geology of Cyprus. 3@1 

The Kyrenia Mountains form the northern rampart of the Central 
Plains, and they rise abruptly to heights of over 3000 feet from the 
plain to the south and the sea to the north. They are composed of 
rocks tilted into a vertical position, much altered by compression 
and intrusion, and are devoid of fossils. They are referred by 
Prof. Gaudry to the Cretaceous Period, and are compared by him 
with the l:[ippurite-Limestones of Attica. They are pierced and 
marmorized by igneous rocks of quartz-felsite type. In some places 
the)" are schistose. Similar rocks are found in the extreme south- 
west of the island. 

The Kythr~ean rocks attain a great development along the 
southern side of the Kyrenia Mountains. They are based on 
breccias and conglomerates made up of fragments of the Trypanian 
Limestones, and are thus probably unconformable. No fossils, 
except a few small tests of Globige~i~a and a few fragments possibly 
of shells, have been found in this Series, which consists entirely 
of volcanic ddbris embedded in a calcitie matrix, like the ' Maeignos' 
of Italy. 

The Idalian Series appears to rest conformably on the last. The 
gypsum-beds are largely developed in the south ; the white chalky 
marls and limestones extend over nearly one half of the island, 
and are always conspicuous from their intense whiteness. Fora- 
minifera are abundant, and other fossils have been found which 
indicate that the beds are mainly of Oligoeene age. 

Igneous rocks are most conspicuous in the centre of the island, 
forming a mass of mountainous ground. They are intrusive into 
the formations already mentioned. The rocks include augite-syenite, 
rhyolite, liparite, olivine-dolerite, basalt, augitite, and several varieties 
of serpentine. Considerable metamorphism and much jasperization 
occur in association with them. 

While most of the older sediments were formed in deep water, 
the fauna of the Neogene rocks is that of shallow-water deposits. 
Miocene rocks have only been recognized in the south-east of the 
island. The Pliocene strata lie in horizontal or slightly-inclined 
beds, resting unconformably upon all eider rocks. The Pleistocene 
rocks comprise : - - (1)  Littoral limestones and pebble-beds, (2) soft 
shelly sands, (3) inland surface-confflomerates, (4) cave-earths ; and 
(5.) alluvial deposits. The cave-earths have yielded Hippopotctmus 
msnutus and Ele2has Gypriotes to Miss D. M. Bate. An account 
of the chief economic mineral products of the island is given, 
including the marbles, clays, limestones, gypsum, building- and 
paving-stones, road-metals, metalliferous minerals, pozzuolana, 
terre-verte; and a note on the springs, salt-lakes, and soils. 
Descriptions of some of the rocks, a note on the :~Iiocene rocks, 
and a sketch of the physical history of the island are contributed 
by Mr. Jukes-Browne. 
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292 Prof. Townsend on the Variation of tl~e _Potential 
and the second give 

-Idx" l = Z ( a )  B[ZxJ-ldx and 1 = a Z(x 

Since 

e:G e- -  =) [Z (x)] -1 dx = [Z(x) ] -  1, 

the two latter equations reduce to the same condition 

a S: (~.a)dx [" 
l = ! o a x ~  x dx, . (1) 

and the values of nl and n. 2 become 

~1~ = c x Z(x)  x z ( x ) ]  -1 x ~ x d~, (~) 

n~v = c x Z ( x )  x Z ( x  x ~ x dx. (~) 

Equation (1) represents the condition which must be 
satisfied by the values of a and f~ along the path from x = 0 
to x=a in order that a continuous current should be main- 
rained by collisions. Since the values of a and ~ may be 
found in terms of the pressure and electric ibrce by inde- 
pendent investigations, it would be possible to decide whether 
any given field of force would maintain a steady current. If 
this condition is satisfied by a field of force determined 
experimentally, while a current is passing through the gas, 
it is evident that the ionization must be produced principally 
by collisions. 

The field of force obviously depends on the current, the 
connexion between these quantities being obtained from the 
equation 

dX 
4 ~ ( n 2 - n O e  = -3~ ' 

which gives 

ES:[Z(x)] -~x~xdx f [Z(x)]-~ x ~ x dx~ 
d X ~ ~ Z ( ~ )  - . (4) 
~X V U 

The rate of change of the force should also satisty this 
equation, but since the velocities u and v are not known for 
the large forces and small pressures which are used in the 
experiments, no very satisfactory verification of the theory 
could be deduced from this condition. Equation (4) might 
be used to determine the velocities at different parts of the 
discharge. 
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